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Introduction
The U. S. Department of Energy's (DOE) Hanford Site served as a plutonium production facility for over 40 years. During this period, low-level liquid waste from chemical processing operations in the 200 Areas was discharged to the ground by means of surface and subsurface structures, generally referred to as crib facilities. Today, the Hanford Site is engaged in the world's largest environmental cleanup project, with more than 1,700 waste sites 1 .
The Pacific Northwest National Laboratory (PNNL) is assisting this cleanup effort by assembling existing borehole geologic information to aid in determining the distribution and potential movement of contaminants released to these waste sites, and to aid selection of remedial alternatives. This work is being conducted in support of the 200-PW-1/3/6 Operable Units and as part of the Characterization of Systems Project managed by PNNL and the Remediation Decision Support Task of the Groundwater Remediation Project managed by Fluor Hanford, Inc.
The purpose of this work is to assemble the existing borehole geologic data pertaining to sediments underlying the 216-Z Crib Facilities and the Plutonium Finishing Plant (PFP) Closure Zone. The primary objective for Fiscal Year 2006 (FY06) was to assemble the data, complete log plots, and interpret the location of major geologic contacts for each major borehole in and around the primary disposal facilities that received carbon tetrachloride. The primary carbon tetrachloride receiving disposal facilities include 216-Z-9, 216-Z-1A, and 216-Z-18. This document presents a summary and status of these efforts through August 2006.
Background
The 216-Z Crib Facilities consist of 22 surface and subsurface structures designed to inject or percolate wastewater into the ground (Table 2 .1). The locations of these facilities are shown in Figure 2 .1. The 216-Z Crib Facilities received liquid wastes generated in plutonium separation and recovery operations conducted in the main Z-Plant (i.e., the Plutonium Finishing Plant) complex. According to the Waste Information Data System (WIDS) 2 these crib facilities collectively received more than 4.5 billion liters of liquid waste containing more than 168 kg of plutonium and 13,800 curies of other radionuclides. They also received various chemicals, including up to 922,000 kg of carbon tetrachloride (DOE-RL 1992; Fluor Hanford 2004) .
Liquid wastes discharged to these crib facilities infiltrate into and react with the underlying vadose zone sediments. In order to characterize and monitor the migration and decay of these contaminants, characterization boreholes and monitoring wells have been installed around the crib facilities. Periodic geophysical logging and sampling of the monitoring wells have been conducted to monitor the condition of the vadose zone and groundwater beneath these facilities. Geologic data, including sediment samples (and their subsequent analyses), collected during the drilling of these boreholes are the subject of this report.
As the cleanup mission at Hanford proceeds, it becomes increasingly important to define the spatial distributions of contaminants and important transport parameters in order to evaluate potential remediation alternatives and to estimate the long-term behavior and risks associated with these contaminants. It is also increasingly important to find better, faster, and cheaper ways of getting this information so that more resources can go to actual cleanup and less is spent on characterization. To this end, PNNL has been developing the Hanford Borehole Geologic Information System (HBGIS) to facilitate access to and integration of existing borehole geologic data that has been spread out across many contractors and media types. The goal is to maximize the use of existing information to enable more efficient, targeted subsurface characterization efforts (Last et al. 2003 . 
Data Compilation and Processing
A number of borehole geologic data and information sets are available for Hanford Site boreholes and wells (Horton et. al. 2005) . These include driller's logs, geologist's logs, archived samples, physical and chemical analyses of borehole samples (e.g., particle-size, calcium carbonate, and moisture analyses), and geophysical logs (e.g., gross or spectral gamma and neutron-moisture). These data have traditionally been managed in a number of different formats (hardcopy, electronic image files, electronic data formats) and database and information systems. However, borehole geologic data for the 216-Z Crib Facilities are now being made available through HBGIS.
3 HBGIS is currently deployed on an internal PNNL server and is accessible to users within the Hanford Local Area Network (HLAN). First-time users will need to request a user name and password by contacting the website administrator, Rob D. . Note that the system has different levels of access, with only selected and trained geologists and their designees having the authority to enter and edit data.
Where possible, HBGIS provides direct linkages to the existing authoritative data sources (e.g., Hanford Well Information System [HWIS], Virtual Library -ROCSAN module) using its secure online web application supported by Microsoft SQL Server as a back-end database (Figure 3 .1). For data where no authoritative electronic data source is available (e.g., hard-copy driller's logs, borehole [geologist's] logs, borehole geophysical log data), HBGIS provides the capability to enter, store, and retrieve these data. The only new electronic data generated for and stored by HBGIS has been data translated from hard-copy driller's logs and borehole logs. These data were produced using well-defined, detailed procedures (PNL 1995) . Borehole geologic data for 216-Z Crib Facilities were entered into HBGIS either directly, using the HBGIS web interface, or indirectly, using loader programs to convert data from older data entry formats (e.g., Microsoft Excel or Access) and then to enter (upload) them into HBGIS. plotting of the data sets and provides access to interpreted stratigraphic contact information (if available). Brief descriptions of these data types and capabilities are presented below. A more in depth discussion of HBGIS, the data entry process, and data access/export capabilities can be found in the HBGIS Users Guide ).
General Well Information
General well information can be accessed in HBGIS. This information includes the borehole/well identification (e.g. Borehole ID, Well Name), its geospatial coordinates (e.g., northing, easting, elevation), and some construction information (e.g., well type, casing stickup) or links to external electronic sources of well-construction information. The primary source of this information is the Hanford Well Information System (HWIS) (http://apweb02.rl.gov/cfroot/rapidweb/phmc/cp/hwisapp/).
The Borehole ID is the primary key that HBGIS uses as the unique identifier for relating boreholes to their associated logs, samples, and other data. It is a unique five-character alphanumeric designation (e.g., A7517) assigned to each borehole. The Borehole ID identifier in HBGIS is synonymous with the Well ID field used in HWIS, but is used in place of the latter since it is a more inclusive term. For example, Cone Penetrometer, Geoprobe, or other types of borings might never be constructed into a well, but have associated borehole geologic data.
Driller's Log Information
Electronic reproduction and translation of historic (pre-1990) driller's log information is available through HBGIS. Drill log header and depth-discrete information are contained in HBGIS. The drill log header provides information such as the dates the borehole was drilled, and the names of the drillers, the drill rig used, related project number. The depth-discrete information includes description of the drilling and sampling method used, the lithology and interpreted sediment class, and the moisture content recorded at specific depths.
The primary sources of this information are electronic image files (e.g., PDF and RMIS files) of driller's logs and other records accessed through HWIS, and the hard-copy records themselves as obtained from PNNL's Well Log Library (located in Room 2110, Sigma V Building, 3110 Port of Benton Blvd., Richland, Washington).
The image files or hard-copy records were processed using PNNL Procedure DO-6 4 to produce a semiquantitative electronic data set for entry into HBGIS that can support its synergistic analysis with other borehole geologic data and information. In most cases, these data were manually entered into Microsoft Excel spreadsheets (or a Microsoft Access database) and then uploaded into HBGIS.
Geologist's Log Information
Geologist's log information consists of electronic reproduction and translation of post-1989 borehole log information. Similar to the driller's log data, HBGIS organizes geologist's log header and depth-discrete information. The Geo Log 5 header information provides information such as the dates the borehole was drilled, the names of the geologists, the drill rig used, related project number, etc. The depth-discrete Geo Log information includes descriptions of the samples collected during drilling, the drilling and sampling method used, sample lithology (including sediment class, particle-size distribution, sorting, mineralogy, moisture content, reaction to HCl, and color) and blow counts/percent recovery. It also provides some information on the amount of casing used at the time of sampling.
The primary sources of this information are electronic image files (e.g. PDF and RMIS files) of borehole logs, field activity reports, and other records accessed through HWIS and the hard-copy records in PNNL's Well Log Library (located in Room 2110, Sigma V Building, 3110 Port of Benton Blvd., Richland, Washington). These image files or hard-copy records were processed using PNNL Procedure DO-7 to produce a semi-quantitative electronic data set for entry into HBGIS that can support its integrated analysis with all other borehole geologic data/information. In most cases these data were manually entered into Microsoft Excel spreadsheets (or a Microsoft Access database), and then uploaded into HBGIS.
Geophysical Log Information
Geophysical log information is available through the HBGIS interface as well. This information consists of general information such as zero-depth reference (e.g. top of casing vs. ground surface) for logging and electronic source of data, as well as depth-discrete numerical values for a number of different analytes (e.g., moisture, gross gamma ray, 40 K, 238 U, 232 Th) generated using a variety of measurement tools and data processing techniques. The primary sources of this information are the Hanford Geophysical Logging Project Website (http://gj.em.doe.gov/hanf/) and the PNNL Geophysical Log Website (http://boreholelogs.pnl.gov). Secondary data sources are the archived hard-copy analog and/or digital data files stored in the PNNL Well Log Library (located in Room 2110, Sigma V Building, 3110 Port of Benton Blvd., Richland, Washington).
In many cases there are multiple borehole geophysical logs (collected at various time intervals-often many years apart) available for a given borehole or well. The primary intent of HBGIS is to provide contemporaneous data sets for synergistic interpretation of subsurface conditions at the time of drilling. Thus, the primary borehole geophysical logs to be included in HBGIS are those logs collected during or shortly after the time of drilling. In this way, the borehole geophysical data would be as contemporaneous with all other drilling related borehole observations and sample data as possible. However, geophysical logs that are contemporaneous with the drilling of older boreholes are generally not available in electronic form (i.e., they are in hard-copy analog charts), thus, the earliest electronic geophysical log data available has been entered into HBGIS. In most cases these data were manually downloaded from one of the primary data sources, placed in a Microsoft Excel spreadsheet and then uploaded into HBGIS. All geophysical log data, regardless of source, were processed into HBGIS using PNNL Procedure DO-8. Efforts are being initiated to digitize hard-copy analog geophysical logs collected contemporaneous with drilling of some of the older boreholes.
Laboratory Sample Information
Laboratory sample information includes identifying-information about a given sample (e.g., the sample number, sample interval depths, sampling method, sampling time, etc.), as well as analytical data available for that sample, including the analytical method, the laboratory that conducted the analyses, and the analytical results. At this time, the analytical data available for a given sample is limited to particle size, calcium carbonate, moisture, mineralogy, and bulk rock geochemistry. However, efforts are underway to incorporate other physical property data (e.g., bulk density, hydraulic properties, etc.) as well.
The primary data sources for this information are the ROCSAN module of the Virtual Library (http://vlprod.rl.gov/vlib/app/index.cfm) and the Hanford Environmental Information System (HEIS). Secondary data sources primarily include technical documents (e.g. Last and Rohay 1993) . Particle-size data (including calcium-carbonate concentrations) are provided by direct linkage to the Virtual Library.
However, other laboratory data at this time have been manually entered into Excel spreadsheets and then uploaded into HBGIS according to PNNL Procedure DO-9.
Data Export
The HBGIS interface provides the capability to export borehole geologic data for a given borehole, whether it is stored in existing electronic databases such as the ROCSAN module of the Virtual Library, or stored in the HBGIS back end database.
Export of Tabular Data
The HBGIS interface enables the user to query the available data and export it in a number of formats compatible with Microsoft Excel or other software packages. At this time, these query and table export capabilities are fairly limited, but will be one of the primary areas of focus for future HBGIS enhancements.
Generation of Graphical Log Plots
The HBGIS interface provides direct linkage between the borehole geologic data (either stored in existing databases such as the ROCSAN module of the Virtual Library, or stored in HBGIS itself), and graphical borehole log plotting software (e.g., RockWare LogPlot). The HBGIS interface uses a set of default templates to provide a consistent set of log plots (see Appendix B). However, the HBGIS interface is flexible enough to allow custom data manipulation.
Interpreted Geologic Contact Information
The HBGIS interface also provides the capability to enter and retrieve interpreted geologic contact information. This capability is designed for the trained geologic professional to capture and store their geologic interpretations for each borehole, constrained to the standardized stratigraphic nomenclature used at the Hanford Site (Bjornstad 2004; DOE-RL 2002; Lindsey 1995; Swanson, et al. 1979 ).
Results and Discussion
Borehole geologic data have been compiled and made available through HBGIS for 154 boreholes located within or immediately adjacent to the 216-Z Crib Facilities (Figure 4 .1). This includes the major boreholes in and around the primary disposal facilities that received carbon tetrachloride (i.e., 216-Z-9, 216-Z-1A, and 216-Z-18). Appendix A provides a list of these wells, the associated borehole geologic data available for each well and the data currently available through HBGIS. At this time, borehole data are available through HBGIS for 19 of the 22 Z-Crib Facilities. This is primarily due to either the lack of boreholes adjacent to some of the crib facilities (e.g., 216-Z-13, -14, -15), or a lower priority for entering those data into the HBGIS (i.e., initial focus was on crib facilities that received carbon tetrachloride). The association of boreholes to any given crib facility is loosely based on a 20-m buffer around each crib site, as defined in WIDS. This association is provided here only as a means of giving the reader a sense for the number of boreholes available in a given area.
Graphical borehole logs (log plots) were completed for each major borehole in and around the primary disposal facilities that received carbon tetrachloride (i.e., 216-Z-9, 216-Z-1A, and 216-Z-1). These log plots include an interpretation of the location of major geologic contacts. Appendix B provides the graphical borehole logs (and default templates) that summarize the primary borehole geologic data sets available for the major boreholes in and around the primary carbon tetrachloride receiving disposal facilities. Note that geologic contacts are illustrated on these borehole logs based on detailed geological analyses conducted to support modeling of carbon-tetrachloride movement beneath the 216-Z-9 Trench (Oostrom, et al. 2004 (Oostrom, et al. , 2006 , and beneath the 216-Z-1A and 216-Z-18 facilities and/or incorporated into a geologic contacts database (Bjornstad 2004 ). Table 4 .1 provides a list of the pertinent well and borehole information and geologic contacts for the major boreholes in and around the primary carbon tetrachloride receiving facilities.
Future work is expected to complete the assembly and documentation of borehole geologic data for each major borehole in and around all 216-Z Crib Facilities and the Plutonium Finishing Plant (PFP) Closure Zone. This work is expected to culminate in the interpretation and documentation of the stratigraphy beneath these facilities as has been done for other crib facilities (e.g., Fecht et al. 1979a, b) . 
